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Memory Interface o 


3 Memory are made up of (registers). 

Each register consists of one storage location 

Each location consists of an address 

The number of storage locations from few hundreds 

to several mega or giga locations 

The total number of memory storage is called 

memory capacity and measured in Bytes 

a Each register consists of storage element (FF, 
capacitor for semiconductor) 

s» A storage element is called cell 

The data could be read from or written to memory 


8 B t 


What is a memory? 
Ajmemory is a device that stores i 
form. Memories are used for storage of bc 


nformation in electrical, magnetic or optical 
*h program and data . 


What are bit and byte organized memories? 


For a 2" x m memory, where n is the number of address lines such that à 


imum of 2" memory locations can be accessed and m is the word length, 
| ini Í then the memory is said to be bit organized, whereas if m is 8, then 
e memory is said to be byte organized. 


Example 
A semiconductor memory is specified as 4 K x 8. Indicate the number of 
words, word size and total capacity of this memory. 
Total nuimber of wérds or memory locations that can be accessed is 
à =4 K= 4 x 1024= 4096 
Word size = 8 
and total capacity of the memory is 


= 4096 x 8 = 32768 


= 32,768 bits 


< 
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Semiconductor memories have become very popular and widely used 
because of their Aigh reliability, low cost, high speed and ease with which 
memory size can be expanded. 


It can be categorised into two ways: 
l- Primary memory or main memory or working memory. 
2- Secondary memory or auxiliary memory or mass storage. 


RAM and ROM comprise the primary memory while magnetic tapes, 
magnetic disks, floppy disks or compact disks (CDs) are examples of 
secondary memory. 


Can store less amount of data. 

Faster speed of operation. . | Slower speed of operation 

Can be volatlla/nor-vetatile In nature. | 3. | Always non-volatile in nature 
Nol used for such purpose. 

are resident in the man memory. 


Can be directly accessed by CPU. . | Cannot be directly accessed by CPU but 
can be accessed through VO ports or in 
a sanal formal using hardwarelsoftware 
if the CPU has n address lines, a . | Neo such relation exists 
maximum of Z^ main memory locations 
can be accessed, 
| Lass costly, , | Gostler than main memory 


The memory map is a guide showing how the entire system memory has 
been allocated to ROM, RAM so that any future memory expansions can be 
executed effectively. 


Memories are made of storage elements, which can store one bit of data. 
Each storage element is called a cell. In semiconductor memories, flip- 
flops act as storage elements. 


At each memory location, which is identified by its address, one or more 
number of bits can be stored. The number of bits that a particular memory 
location can store is known as working length of a memory. This also goes 


by the name of word size. 
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Different versions of semicond uctor memories available. 
sically, inductor memories can be RAM (Random Access Memory) or ROM (Read 
- Ohily-Memory)-both of which are available in bipolar technology or MOS (Metal Oxide 
Semiconductor) versions. The different versions available are: 







did T — 


Bipolar 


Mask 


PROMS OMs 
Mas  PROMs ^O^ 
ROMs 


UV EPROMs EE PROM» 
Semiconductor memory hierarchy 
tis a EPROM? Mention its two types and compare. 
pied are manufactured with NMOSFET technology with an isolated gate structure. 
There are two types of EPROM. These are: 


UVEPROM : Ultraviolet erasable programmable Read-only-Memory 
EEPROM . : Electrically erasable programmable Read-only-Mernory 


id 


MOS 
Static Dynamic 
ROMs RAMs 


Manufactured by blowing fusible 
nichrome wire links. 
Programmed at the factory premises. Programmed by the user. 
No reprogramming possible. No reprogramming possible. 
Less costly. More coslly. 


Shaadi TATE HW 5 
Comparison between EEPROM and UVPROM 


Can be erased and programmed with . | Can be erased and programmed with 
electrical signals. ultraviolet light. 
The voltage on the floating gate structure . | The photo current from the insulated 


allows storage of Information. gate structure allows storage of 
Lower speed of operation. 
exp j . | Less expensive. 
Relatively easy to manufacture. . | Relatively difficult to manufacture. 
Erasing takes several minutes. . | Erasing takes several minutes. 
Less packing density. . | More packing density. 





Memory Types 
Two basic types: 


* ROM: Read-only memory 
* RAM: Read-Write memory 


Four commonly used memories: 
* ROM 

* Flash (EEPROM) 

* Static RAM (SRAM) 

* Dynamic RAM (DRAM) 


Generic pin configuration: 
Address connection 
| 0 &- T bu 5 r 9. AN 





Output/Input-output connection 


Memory Chips 
The number of address pins is related to the number of memory locations. 
Common sizes today are 1K to 256M locations. 
Therefore, between 10 and 28 address pins are present. 


The data pins are typically bi-directional in read-write memories. 
' The number of data pins is related to the size of the memory location. 
For example, an 8-bit wide (byte-wide) memory device has 8 data pins. 
Catalog listing of 1K X 8 indicate a byte addressable 8K memory. 


Each memory device has at least one chip select (CS) or chip enable (CE) or 
select (5) pin that enables the memory device. 
This enables read and/or write operations. 


If more than one are present, then all must be 0 in order to perform a 
read or write. 
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Memory Chips 
Each memory device has at least one control pin. 
For ROMs, an output enable (OE) or gate (G) is present. 
The OF pin enables and disables a set of tristate buffers. 
For RAMs, a read-write (R/W) or write enable (WE) and read enable (OE) 
are present. 
For dual control pin devices, it must be hold true that both are not 0 


at the same time. 













ROM: 
Non-volatile memory: Maintains its state when powered down. 
There are several forms: 
e ROM: Factory programmed, cannot be changed. Older style. 
+ PROM: Programmable Read-Only Memory. 
Field programmable but only once. Older style. 
» EPROM: Erasable Programmable Read-Only Memory. 
Reprogramming requires up to 20 minutes of high-intensity UV light 
exposure. 










Memory Chips 
ROMs (cont): 
e Flash EEPROM: Electrically Erasable Programmable ROM. 
Also called EAROM (Electrically Alterable ROM) and NOVRAM 
(NOn-Volatile RAM). 
Writing is much slower than a normal RAM. 


Used to store setup information, e.g. video card, on computer sys- 


tems. 
Can be used to replace EPROM for BIOS memory. 





Ui 
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Read Mode (PD/PGM =V) 
Sample of the data sheet for the 2716 A.C. Characteristics. 


ond. — recae — uA uu deceabe | 
— CSV 
= a SS Pa = 


This EPROM requires a wait state for use with the 8086 (460s constraint). 


Several EPROMs are available commercially, which are listed below in a 
tabular form. Out of these, the IC types 2708, 2716, 2732-although in use 
today, are increasingly being replaced by the newer varieties because of higher 


bit capacity. 
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| RAM types 


(o c-—— 


"HAM (Static RAM) 
tMorage calls are made of flip-flops and therefore they do not require refreshing 
Io keep (helt data 
Cells handling one bil requires 6 or 4 transistors each, which is too many 
URAMI are widely used for cache memory and battery-backed memory 
nyalams. 
- Speeds as fast as 10ns. But limited in size ~256Kx8 
. DRAM (Dynamic RAM) 
Unos MOS capacllom to store a bit 
-Requires conatant refrashing due to leakage (every 2ms — 4ms) 
. Advantages 
» High density (capacity) ~1GBX8 
» Ghoapor vost per bil 
* Lower power consumption 
- € 
‘While It ie being refreshed, data cannot be accessed 
* Larger access times 
* Too may pins due to large size 


Comparison between Static and Dynamic RAM cells 


a Dynamic memory ' 


Slored dala ls retained as long as power .| Stored dala gets lost and repeated 
| remains ON, refreshing is required. 
Stored dala do not change with time, .| Stored data changes with time. 
Consumes more power. .| Consumes less power than static 
memory. 





Exponalve, Less expensive, 

These memories have loss packing — * 5, Higher packing density, 
Simpler in construction. 

No refreshing required and easy in operation, .| Refreshing required with additional 
memory circuitry and hence complicated 
operation. 

No maintenance. .| Maintenance needed. 





345 


VuainiGu vy La. 1IZUGOI II II 


miwa 
wy MASA T INZINZINSAUL IN 


Static Ram (SRAM) Devices 


atje RAM memory devices retain data for as long as DC power is pem Because no special ac- 
tion (except power) erred to nan sore dita, bes devices are called tic mers ce 
are also called volatile memory because they will not retain data without power. The main differ- 
ence between volatile n RAM ist a RAM is writen under normal operation, While a ROM 
is programmed outside the computer and is only normally read. 


The SRAM stores temporary data and used when the size of the read/write 
memory is relatively small. 


RAMs 
TI TMS 4016 SRAM (2K X 8): 


2K x8 SRAM 


Virtually identical to the EPROM with respect to the pinout. 
; However, access time is faster (250ns). 
See the timing diagrams and data sheets in text. 
SRAMs used for caches have access times as low as 10ns. 





DRAMs 
DRAM: 
SRAMs are limited in size (up to about 128K X 8). 
DRAMS are available in much larger sizes, e.g., 64M X 1. 


DRAMs MUST be refreshed (rewritten) every 2 to 4 ms 
Since they store their value on an integrated capacitor that loses 
charge over time. 


This refresh is performed by a special circuit in the DRAM which 
refreshes the entire memory using 256 reads. 
Refresh also occurs on a normal read, write or during a special 
refresh cycle. 


i 6 o95 Vu 


The large storage capacity of DRAMs make it impractical to add the 
required number of address pins. 
Instead, the address pins are multiplexed. 


DRAMs 
TI TMS4464 DRAM (64K X 4): 


Address 
Data In/Data Out 
Row Address Strobc 


| ÁpA7 | 
Column Address Strobe 


G 
DQ; 
D 


«o O6 — C^ Un I» C N= 


The TMS4464 can store a total of 256K bits of data. 


It has 64K addressable locations which means it needs 16 address 
inputs, but it has only 8. 
The row address (Ag through Az) are placed on the address pins and 
strobed into a set of internal latches. 
The column zddres (Ag through A, s5) is then strobed in using CAS. 





LI \ M 
oCcariried DY UdMoCdNner 


DRAMs 
TI TMS4464 DRAM (64K X 4) Timing Diagram: 


Some is inconsistent 
Kf here (see MUX below). 


—— 


(INAN Dont care 


Alaansaaanankidd di 


CAS also performs the function of the chip select input. 
Ag Ag Ai Ag Az Ajo As Au Address BUS Ag AyaAs A13À6 Arg A7 Ais 


1A 1B 2A 2B 3A 3B 4A 4B 


g S 74157 (2-to-1MUX 
74157 (2-to-IMUX) S LE AWY ( ) 


]v N 3v 4Y l:lathBtoY| iv 2Y 3Y AY 


As Inputs to DRAM Ay As Ag Az 


a In DRAM, the 8 
address lines are 
latched accordingly 
by the strobe of the 
RAS and CAS 
signals. 


=" For example: To 


load a 16 bit address 
into the DRAM 8 bits 
of the address nre first 


x — — — latched by pulling 





RAS low, then other 8 
‘| bits are presented to 








€: AO-A7 and CAS is 
Af. Pr ee AI pulled low. 
d Ex v Caman adde Iur | R A 5 à Row Yee sy SA whe 
Ms CAT Cd © i 
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DRAMs 
Larger DRAMsS are available which are organized as 1M X 1, 4M X 1, 16M X 
1, 64M X 1 (with 256M X 1 available soon). 
DR AMSs are typically placed on SIMM (Single In-line Memory Modules) 
boards. 
30-pin SIMMs come in 1M X 8, 1M X 9 (parity), 4M X 8, 4M X 9. 
72-pin SIMMs come in 1/2/3/8/ 16M X 32 or 1M X 36 (parity). 


Vss Addroy, RAS W NC 
Veo DQes TAS PU, 


IIIU. III —VIITDM 


qo 15 20 25 30 35 40 45 50 55 60 70 


O0 OUL 
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FIGURE 9—11 The pin-outs of the 30-pin and 72-pin SIMM. (a) A 30-pin SIMM organized as 4M x 9 and (b) a 
72-pin SIMM organized as 4M x 38. 
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Draw a dynamic RAM DEAM) vel emt coogi te peta. 


Ans. A basic DRAN stornge vel w str. pew — —— — 
When column (sense) mnt row «corm! Tenes | 
linee go high. the MOSFET cemutiucu må — — 
charges the capacitor peur wher fne euim = = mcap 
ani row lines go hipa. tue MOSFET nper aut — 
the capacitor retains ie cun-ge Thos, t omm p . 


rr ENAMA wy — AIII 


transistor acis as E Switch. 
Some of the chmraceraic of e DELW mel oe 
e Hipi icing ienis 
- Charge leaks, thus refreshing neis” 
e Erte hardware meetied 1: implement vefsesimmg MPENI. 


Draw 2 static RAW (SEAM otl and expe 
Astanán-d SRAM consists nf sce cmnsusurs -uamzsenet np oom r ES Trip-la. — 
required for imchmy 


tele * Ix 
m m — [253 
Comm L.e Ng. — 


Sask puram. sate mener; cmd 
Data is written inte the cel! by apotying the Gate anc xs complemes: 2: the column 
and column inputs respectively, with Q and Q, = 52 ON mnit Data can be read 
Same of the characteristics of 2 SRAM off are 
© it is voletile—ie_ date is lost om wreck 
When powered, the occ] may assume ether 1 cr O state 
i " - E - 
No ial timi ' à 
Bit density is low compared to DRAM 





Memory expansion 


In many applications, the microcomputer system requirement for memory is 
greater than what is available in a single device. There are two basic reasons 
for expanding memory capacity: l 


1. The byte-wide length is not large enough 
2. The total storage capacity is not enough bytes. 


Both of these expansion needs can be satisfied by interconnecting a number of 
ICs. 


Example 1: show how to implement 32Kx 16 EPROM using two 32K*8 
EPROM? 
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Design a memory having size 16 x 8 from 16 x 4 memory moxlules. 
A 16 » 8 memory module indicates that it can address 16 different memory addresses, 
each address location can store 1 byte of data/Instruction. The design is given below: 





a ; ^ — 
cs 
RAM-2 
DB, - DB, on 
DB, - DB, bus 


Diagram showing a 16 * 8 memory obtained from two 16 = 4 memories 


The address lines AB, - AB, can address 16 different addresses (from 0000 to 1111) 
and connected to the two RAMa as shown. Chip selection is on the basis of CS signal 
while R/W signal governs of whether reading (from memory) or writing (into the memory) 
is to be done. 

Once a particular address has been selected (by AB, — AB, lines), DB, - DB, stores 
the upper nibble of data in the left RAM (RAM-1) while DB, — DB, stores the lower nibble 
of the data in the right RAM (RAM-2). 


Develop a 32 x 4 memory module by combining two 16 x 4 memory chips. 


The interconnections between the two 16 x 4 memory chips is shown below which yields 
a 82 x 4 memory module. 





Diagram showing a 32 * 4 memory obtained from two 16 x 4 memory modules 








ADDRESS DECODING 

In order to attach a memory device to the microprocessor, it is necessary to decode the address 
from the microprocessor to make the memory function at a unique section or partition of the 
memory map. Without an address decoder, only one memory device can be connected to a micro 
processor, which would make it virtually useless. In this section, we describe a few of the more 
common address decoding techniques, as well as the decoders that are found in many systems. 


Address lines used for driving the memories 













Memories 


Address 
Used for 
Selecting ra 
Thememory ` K 
block R 






Outputs from decoder 
usually used as /CE for the memories 






Memory Address Decoding 
The processor can usually address a memory space that is much larger than 
the memory space covered by an individual memory chip. 


In order to splice a memory device into the address space of the processor, 
decoding is necessary. 

For example, the 8088 issues 20-bit addresses for a total of 1MB of memory 
address space. 
However, the BIOS on a 2716 EPROM has only 2KB of memory and 11 
address pins. 


A decoder can be used to decode the additional 9 address pins and allow the 
EPROM to be placed in any 2KB section of the 1MB address space. 


Memory Address Decoding 


Y x 
4. Va 
fF pr 


ection 
for RD but 
chip definition 
does NOT have 
this pin). 


RD of 8088/86. ..... as- 
Or MRDC bus signal. - -. 
















Memory Address Decoding 
To determine the address range that a device is mapped into: 


Aj 7 Ag ; A10 - Ao 
1111 1111 LXXX XXXX XXXX 
i 


{ 


1111 1111 1000 0000 0000 (FF800H) 
To 


1111 1111 1111 1111 1111 (FFFFFH) 


set location of the 8086/8088 







This 2KB memory segment maps into the re 
(FFFFOH). 


NAND gate decoders are not often — 
Rather the 3-to-8 Line Decode (7415138)is more common. 


v 






























Memory Address Decoding 
The 3 to-8 Line Decoder (7415138) 







Select Inputs 
- 37H 
ccecce 


cecco 








Outputs 


ce 

Ee 
ae 
Ert 
ccc 
CE 


Enable 





n 
1 

2 
3 
4 
5 
h 


Note that all tree Enables (G2A. G2B, and GI) must be active, e.p, low, low 
and high, respectively 


Each output of the decoder can be attached to an 2764 EPROM (8& X 8) 








Memory Aód ros Decoding 
Ay through Ays select 





| Address lius 


à 2764 
Av throu h Aw enable e 
the decoder (pmm 





2764 
(HK X N) 
FPROM 


A Address at's t ve 
is ] von MT MN 








Ihe WPKOMa voverat mn se tonsid bu ty 
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$088 and 80188 (bit) EPROM Memory Interface 





To wait state WATT 
generator 





a0 o wne of 
— — — — — VEM, c 


4108 
"^ add t 
yess Space 
PROQ0H- FFFFFH (This is the 2722 puro 
as shown m the text.) 


pid 5V 





The 8088 cold starts execution at FFFFOH. JMP to F5000H (o urs jere 






ata n 


Us 
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SEPE 
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pe hnnc 
FYTL 
cL 
“+ 
^d 
e: NIMM 





$086 Memory Interface 


The total address space 1 MB of 8056 is divided into 2 banks of memory— 
each bank of maximum size 512 KB. One is called the high order memory 
bank (or high bank) and the other low order memory bank (or low bank). 
Low bank, high bank or both banks can be accessed by utilizing two signals 
BHE and AO.The following shows the three possible references to memory. 


The low and high order memory banks correspond to even and odd banks respectively. 
The C$ signal of low order memory bank is selected when CS = 0. Since Ag (lowest 


address bus line) is connected to C$ , hence A, must have be to low for the low order bank 
to be selected. That is why the low order bank corresponds to even bank. Similarly the 
high order bank is selected when Ay = L Hence, the higher order bank is called odd bank. 


Byte Wide eddressing 


ODD Addresses (6086) 


EVEN Addresses (8086) 





Both banks enabled (16 bit) | MOV [1000H],AX 
High bank enabled (8 bit) MOV [1001H],AL 
Low bank enabled (8 bit) — | MOV [1000H],AL 
No banks enabled ~~ 





ww 








aE | A, | Possim 


Both Banks Active 16-bit world transfer on AD, = AD, 
Only High bank Active (One byte fromto odd address on AD, e» AD,) 
Only Low bank Adive (One byte froto even address on AD, e» AD) 
No Bank Active T 





The high bank is selected for Ag=1 and BHE -0 and is connected to D,,-D, while the 


imr bank is selected for Ag- and HE Neither low bank nor high bank would selected 


for Ag-1 and BHE -1. | 
Fig. shows how the total address space (1MB) of 8086 is physically implemented 


by segregating it into low and high banks. It also shows that CS signal of the high bank 
is connected to BHE while the CS signal of the low bank is connected to Ag. 


512 K Bytes 





Ag — Du, PE 0-0 


Selection of high and low banks of 6086 


£21 


(o 
Joc 


UMETA, FM 


Draw the diagrams of (a) even-addressed byte transfer (b) odd-addressed byte 
transfer (c) even-addressed word transfer and (d) odd-addressed word transfer. 


A,B are representing the addresses while (A), (B) ee the content of. i 
address locations A and B respectively. 


Figures (a) and (b) correspond to byte transfers for even and odd-addressed memory 
locations respectively. The shaded memory location indicates that the content of that 


particular memory location comes out either via higher byte data bus (D,,—D,) or lower 
byte data bus (D,—Dp) respectively. 


Figures (a), (b) and (c) complete the data transfer in one bus cycle only. 
For Figure (a), BHE= 1,A, = 0 
For Figure (b), BHE= 0,A, = 1 


For Figure (c BHE= 0,A, = 0 
Figure (d) corresponds to an odd-addressed word transfer and it takes two bus cycles 
to complete this transfer. 





Ag A, D,a- D, BHE (LOW) D,-D, Ag (HIGH) 
(b) 


PA 


NVI I IW NJ wVALLINVZNMZCAL III 


TRANSFER (A+ 0), (A) 





ASA —04,-0, BTE naow D -Da A (LOW) 
te) 


FIRST BUS CYCLE 





Ag-A, On O BRE( OW) Dr-D, A (HIGH) 
SECOND BUS CYCLE 





(a) Even-addressed byte transfer by the 8086. 
(b) Odd-addressed byte transfer by the 8086. 
(c) Even-addressed word transfer by the 6066. 
(d) Odd-addressed word transfer by the 6066 


Example 





Design a 8086 memory system consisting of IMbytes, | laing 64K * 8 memory 


D&-D15 


At-A 16 


Air 


Ais 
M/TO 
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Example 


Design an 8K X8 KAM module using 2KX8 RAM chips. The module should 
he connected on an 8-bit processor with a 16-bit address bus, and occupy the 
address range starting from the address A000, Show the circuit and the 
memory map? 


* Number of memory devices needed = 8K/2K = 4 
* Decoder needed = 2X4 
¢ Number of address lines on each 2KX8 memory 
chip = 11 
2m = 2K = 2! x 210 = 211-5 (A0..A10) 
* Decoder needed = 2X4 
-5 2 address lines are needed for the decoder. => 
(A11..A12) 
+ Number of address lines needed for the address 
selection circuit 
=16-11-2=3 = (A13, A14 A15) 


Starting Address = A000 = 1010-0000-0000-0000 
==> A15 =1,A14=OandA13=1 
A13 


Address Selection Circuit A14 
A15 


eb df. 6 
O O'O O'a O 


1 
1 


ai «ð 
oo 





- = 
AA 


— 


id. 
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Solution: 
62256 SRAM chips: 
c» 256/8 =32 > 32KX8 — 
Number of chips needed: 
c» 128K/32K = 4 
Number of address lines: 
e 32K = K 225 * 2^ 2 2" 
c» 15 address lines (A0 .. A14) 









MT Aie Az; Ag Aig :Arg Ay3 — Ay 
3 "0 0 40 

: ES : RAM 
1.1 0:0 0:1 1... 1 |CTFFF 
11 0:0 1:0 Or 0 Cc8000 

i ; RAM2 
oot tet Cii 
1 1 5:1 0 «s+ 0 | D0000 

— RAM3 


0:0 
1. 0:1 1 +++ 1 | D7FFF 
1:0 


D8000 
RAMM 
DFFFF 


Memory Map 
C0000 












































0 : 
1 0:1 


24 








Example 
Show how a 128Kbyte RAM module can be connected on an 8088 system 
skb 


using 62256 SRAM chips, occupying the address range starting from the 
address C0000H. Use the following address decoding circuits: 


1- NAND Gates. 
2- DECODER and NAND gate. 


A» Aa A. Reh Au As AA Ac Ay At\ te Ae Ae Addy AA Á 


0 Óó tg o o o|o o0 o 
| j "s BENE LLL 
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~a wJ cc AMAA 


1- NAND Gates 








2- Decoder and NAND Gate 








u 
7 







Example 


interface a 16KB RAM and a 64KB EPROM to an 8088 buffered system. 
me the starting address of the RAM Is 0H and the starting address of the 
EPROM is F0000H. Use NAND gates, as needed, to generate the chip selects. 


Fl 


xample: 
« Design an 8086 based system with the following 
specifications: 
, 8086 in minimum mode 
a 64 KB EPROM 
a 64 KB RAM 


: ae-Driàw the complete schematic of the design 


indicating address map. 

s Sol: 8086 is 16 bit up so it is necessary to have odd 
and even memory banks. 

a Two 32 KB EPROMs and two 32 KB RAMs1 

a For 32 KB RAM & EPROM need 15 address lines 

|. (A1-A15) 

s A0 & BHE are used to select even and odd banks 












Bey Hoe c3] 171 111 EBEN ub EPROM? 
fede tH He SH 


0000/0000 30001H | Odd 
7 IA S Ps ee A AUN. SFFFFH | RAM? 


367 








ntetfacing 64 K RAM & 64 K EPROM 
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Memory Organisation 











Zí. Mention the address capability of 8086 and also show its memory map. P 

Ans. 8086, via its 20-bit address bus, can address 2™ = 1,048,576 or 1 MB of different memory 
locations. Thus the memory space of 8086 can be thought of as consisting of 1,048,576 
bytes or 524,288 words. 

‘The memory map of 8086 is shown in Fig. 12.1, where the whole memory space 

starting from 00000 H to Fi’ FFF H is divided into 16 blocks—each one consisting of 64 
KB. This division is arbitrary but at the same time a convenient one—because the most 
significant hex digit increases by 1 with each additional block. Thus, 30000 H memory 
location is 65,536 bytes higher in memory than the memory location 20000 H. 





Fig. 12.1: Memory map fo* the 8086 microprocessor 
Some memory locations are dedicated or reserved. 
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The lower and upper ends of the memory map are shown separately—earmarking 


some spaces as reserved and some as ‘dedicated’. 
The reserved locations are meant for future hardware and software needs while the 


dedicated locations are used for processing of specific system interrupts and reset 
functions. 
—" "1. Mention the different types of memory segmentations of 8086. 
Ans. The different memory segmentations done in case of 8086 are 


« Continuous 

. overlapped 
e fully overlapped and 
» inted 


disjoin! 
This is shown in Fig.12.2. 


Fully overiappud Ar Segment-3 | 





Fig. 12.2: Depiction of different types of segments 


In the figure, 
Segments-0 anıl 1 ————» Continuous 


Segments-1 — and 2— Partially overlapped 
Segments-2 aml 3———> Fully overlapped 
and Segments-2 and 4 Disjointed 


s Describe memory segmentation scheme of 8086. What is meant by currently 


active segments? 
Ans. 1 MB memory of 8086 is partitioned into 16 segments—each segment is of 64 KB length. 


Out of these 16 segments, c.nly 4 segments can be active at any given instant of time— 


these are code segment, stack segment, data segment and extra segment. The four 
memory segments that the CPU works with at any time are called currently active 


" segments. Corresponding t» these four segments, the registers used are Code 
Register (CS), Data Segment Register (DS), Stack Segment Register (88) and Extra 
Segment Register (ES) re 
— of these four registers is 16-bits wide and user ¢ accessible—i.e., their contents 


can be changed by software 
— D 


r 2.5 
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The code segment cmtains thy instrucuun codes of a rogram, while data, variables 
and constants are heid ia data vegopent. The stack segment is used to store interrupt and 
Gubroutine return add resi. 

The extra segment contains the destination of data for certain string instructions. 
‘Thus 64 KB are available: fur program storage (in CS) as well as for stack (in SS) while 
1% KB of space can be ut lined for data storage tin DS and ES). 

One restriction om the base address (starting address) of a segment is that it must 
reside on a 16-byte add ress marry —examples being 00000 H, 00010 H or 00020 H, etc. 


4 Mention the maxi; um s.ze of memory that can be active for 8086. 
Ans. The maximum size of active memory for 8086 is 256 KB. The break-up being 
64 KB for program 
64 KB for stack and 
123 MB for data. 


6. Why memory segnentatiun is done for 80807 
Ans. Memory segmentation, 5 j.aplemented for 8086, gives rise to the following advantages: 

e Although the aid css Lus is 20-bits in width, memory segrnentation allows one to 
work with regis! srs having width 16-bits only. 

e It allows instruction code, data, stack and portion of program to be more than 64 KB 
long by using mors than one code, data, extra segment and stack segment. 

» Inatime-shared multitasking environment when the program moves over from one 
user's program to anuiher, th- CPU will simply have to reload the four segment 
registers with the wginent starting addresses assigned to the current user's program. 

e User's program ‘cules 5 id data can be stored separately. 

Because the logi::s! address range is from 0000 H to FFFF H, the same can be loaded 
at any place in the menory- 


& Discuss logical address, base scgment address and physical address. 
Ans. The logical address, also gocs by the name of effective address or offset address (also 
known as offset), is contain: d in the 16-bit IP, BP, SP, BX, Sl or DI. 
The 16-bit content of use of the four segment registers (CS, DS, ES, SS) is known 
as the base segment culelrie⸗aa. 

1 Offset and base s«jnc:.t addresses are combined to form a 20-bit physical address 
(also called real addi ws) th it is used to access the memory. This 20-bit physical address 
is put on the address hus CAD ig- ADg) by the BIU. 

1. Describe how the 26-bit vhysical address is generated. 

Ans. The 20-bit physical Urai) a [ress is generated by combining the offset (residing in IP, BP, 
SP, BX, SI or DI) and the cntent of one of the segment registers CS, DS, ES or SS. The 
process of combinati:n: is => follows: 

The content of the ici ent register is internally appended with 0 H (0000 H) on its 
right most end to fuii ii 20 bit mernory address —this 20-bit address points to the start 
of the segment. The: ulfst i then added to the above to get the physical address. 

Fig. 12.3 shows pictoris ly the actual process of generating a 20-bit physical address. 


3^] 








Fy 123: pr ucal address generator 


Thus, Physical Address: = Segment Register content 16 D + Offset. 
& Although 8086 is » 15-bit pP, it deals with &bit memory. Why? 

Ans. This is so for the fol.ow ing iwo reasons: 

e k enables the micrcyrucessor to work with both on bytes and words. This is very 
important becauie many LO devices such as printers, terminals, modems etc, 
transfer ASCTI coded data (7 or B bits). 

© Quite a few of the uperation codes of 8086 are single bytes while sẹ many other 
instructions are there which vary from 2 to 7 bytes. By working with byte-width 
memory, these varie! opcodes can easily be handled. 

9. Is the flat scheme of memory applied for 8086 uP? 

Ans. No, the flat (or unsez™ enual) scheme of memory is not applied for 8686 uP, because the 
memory of the same i3 + segmented one. In flat scheme, the entire memory space is 
thought of as a single achin sgable memory unit. 

The flat scheme wn Lc: pplied ‘or 8086 by initialising all the segment registers with 
identical (or same) bese ac dress Then all memory operations will refer to the same 
memory space. 

10. Describe how mets...) i~ organised for 8086 pP? 

Ans. The total address space: i 7 +H of 8686 is divided into 2 banks of memory—each bank of 
maximum size 512 KP. One is called the high order memory bank (or high bank) and the 
other low order mcinecy li ak (or low bank). 

Low bank, high Laui u~ both banks can be accessed by utilizing two signals BHE 
and Ag. Table 12.1 shu ws Ue three possible references to memory. 
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Vable 12 1: Memory relerenues 


Proc asing 


^, 
© nom Banke Active 16-bit worki tranafer on AD, ++ AD, 
1 
0 
1 





Only High bank Active (One byte konio odd address on AD,, t+ AD,) 
Only Low bank Active (One byte komto even address on AD, e» AD,) 
No L'ank Active 


—— ^o EA aM PAMELA m ntm 


The high bank i« select il for A,*1 and BHE =O nnd ia connected to D Da while the 
low bank ia aolectod for Ayet) and IHE «1, Neither low bank nor high bank would peloctod 


for Aye 1 and BHE 71. "Ms 
Fig. 12.4 shows how thu ttal nddrena space (IM II) of 8080 in physically implemented 


by segregating it into low aud high banks, It alno shows that CS algmal of the high bank 
ia connected to BHI while the CS nignal of tho low bank ia connected to Ag 


12 K Nylen 512 K fytes 
NUN 









Au^, DO, Og * D; - Do 


Fig.12.4; Suluchun of high and low banke of BOBO 


11. Show the profiles of low unl high order memory banks, 
Ans. The low and high oiler iiemury ba uka correspond to even and odd banks reapoctively 
The CS signul «f lw order me nory bank in selected when CS = 0, Since A, (lowest 


address bus line) ia connected to CS, hence A, munt have be to low for the low order bank 
i to be selected. That is why the low order bank corresponds to even bank. Similarly the 
high order bank is a lect when A, = 1, Henee, the higher order bank in called odd bank 

The profile of tho lw aid high order banks are shown below in Fig. 12.6 


(C 
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eee NS RES 
-aii — — est 
00002 H 00003 H RN DECR — 
one E — oni — 
eg, ER oy A — 
512 KB 512 KB 
| EE NE DL $ 4 
nf — —„J kk —ò 
MN eel 20003 H 
mma — —4 — — 
Low bank (Even bank) BHE=1, Ag = 0 High bank (Odd bank) BHE = 0. A = 1 
(a) (b) 
á Fig. 12.5: (a) Low o even bank (b) High or odd bank 


12 Draw the diagrams of (x! even-addressed byte transfer (b) odd-addressed byte 
transfer (c) even-nddresscd word transfer and (d) odd-addressed word transfer. 
Ans. Fig. 12.6 shows the above | yur carcs. A, B are representing the addresses while (A), (B) 
represent the content of adu ress lovations A and B respectively. 
Figures (a) and (b) corn:spund 10 byte transfers for even and odd-addressed memory 
locations respectively. The shaded memory location indicates that the content of that 
cular memory location comes »ut either via higher byte data bus (D,4-D,) or lower 
byte data bus (D;-D,) respectively. 
Figures (a), (b) nnd (c) complet: the data transfer in one bus cycle only. 


Fur Figure (8), BHE = 1A, = 0 
For Figure (b), BHE= 0,A, = 1 


Wor [igur (c), BHE z 0, A, 20 
Figure (d) corresponds tu an od -addressed word transfer and it takes two bus cycles 
to cornplete this translir 


UN 
" 4 
— 
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Jf ! er 
Ag Ay Oy 0, BRE HOH) 0-0. ATOM Ay-A, O47 D. — 0,-0, A,09GM) 
ta) 


TRANSFER (A-1). (^) 





Ay-h, 084704 Bre now) D-0, A, (LOW) 
te) 






AnA, 04-0. BRE LOW) D,- 0, A (HIGH) 
tt COND BUS CYCLE 


* 4 b 
Aarh 047 0, — D,-0, A,(LOW) 


Fig. 12.8: (8) Ever-eddressed lzy‘ v asinine “(Reprinted wah permission of Intel Corporation. © 1979) 
(b) Odd-eddressed t; : a dor by Pw 8086 (Reprinted with permission of Intel Corporatbon, © 1979) 

(c) Even-addrestd word V anser tyy the B086. (Reprinted with permission of Intel Corporation, © 1979) 

(d) Odd-addressed word tansha by the 8066. (Rupninied with permission of Intel Cormoration, © 1979) 
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This old eddie] word ie an unaligned one and the LH of the addrens in in the high 
memory banh 


The odd byte of the word is nt address location A + 1 and in selected. by making 


BHE = 0 and Ag ‘hus in tho Nest bur eyele, data to transferred on Dig ~ D, 
In the second hue evelo, NORG automatically incrementa the address, Hence Ao 
bovomes O, reprenenting eon address A +2 This in in the low bank and in accesnod by 


making WHE = 1 and A= 
I Whieh plam identity the segment registers used for 20-bit physical address 
generation? 
Ans. Pins Ajg and Ay become Hand H from the second bus cycle. Thin 2-bit combination of 
Hy awl By indicate tho seyn nd reminder used for physical address generation and is ahown 
in Table 12 9 


Table 19.2) Identifying the © yment register used for 208 physical address generation 














— 8, ^ . Siegment Register 
0 0 
0 1 Stack 
! e Code/none 
1 Data 


NP M cm 


— — — 


The two atatus coles ore output both in the maximum and minimum mode 





14 What is the maxsimum sive of the memory that can be accessed by 8086? 
Ans, The two status codes S, and 34 tuyether point to the segment register used for 20-bit 
physical add reas generation and can be examined by external circuitry to enable separate 
1 MB address space for vach of CS, ES, DS, and SS. Thin would enable m.mory address 
to be expanded to a müsimum of 4MB for 8086 pP 
15. Draw the Read and Write bus cycles for 8086 pP in Minimum mode. 
Ans. Fig. 12 7 shows thy Hood amd Write bua cycles for 8086 uP in the Minimum mode, 
The hus cyclo consist: of AT states. ALE signal stays high for T, state at the end of 
which it goes low which is utilised by latches to latch the address. Hence, during 


‘ T, — T, states, AD, 1, lines act as data lines The M/IO, RD and WR signals can 


be combined to generate iowlividual JOR, (OW and MEMR, MEMW signals. 
The Read and Write cycles show that data are made available during T; and Ty states 
reapectively., 


3q 





Raad 
cyda 





‘wad and write bus cycles The address linos are valid during the 


Fig 12.7: 8086 microprocesor 
T1 slate but becom the dala lings und status Indicators during T2-TA4 


4o 
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8086 Interrupt (Review Sheet 8) 


1- How many interrupts can be implemented using 8086 pP? 
A total of 256 interrupts can be implemented using 8086 uP. 


2. Mention and tabulate the different types of interrupts that 8086 can 
implement. 

8086 uP can implement seven different types of interrupts. 

- NMI and INTR are external interrupts implemented via Hardware. 

- INT n, INTO and INT3 (breakpoint instruction) are software interrupts 
implemented through Program. 

- The 'divide-by-0' and 'Single-step' are interrupts initiated by CPU. 


3- How many bytes are needed to store the starting addresses of ISS for 8086 
8086 pP can implement 256 different interrupts. To store the starting address of a 
single ISS (Interrupt Service Subroutine), four bytes of memory space are required 
two bytes to store the value of CS and two bytes to store the IP value. Thus to store 
the starting address of 256 ISS, in all 256 x 4= 1024 bytes = 1 KB will be required. 


4-Indicate the number of memory spaces needed in stack when an interrupt 
occurs. 

When an interrupt occurs, before moving over to starting address of the 
corresponding ISS, the following are pushed into the stack: the contents of the flag 
register, CS and IP. Since each one of the three are 2 bytes, hence a total of 6 bytes of 
memory space is needed in the stack to accommodate the flag register, CS and IP 
contents. 


5. Distinguish between the two hardw»re interrupts of 8086. 
The distinction between the two hardware interrupts of 8086 are as follows, shown in 
the following table 









 Non-maskable type. 

2 Higher priory 

1 Eige Miggered inlerupi initiated on Low lo 
High ansion. 


1 
2. Lower prionty 
3. Level triggered interrupt 
4 Sampled during les CLK cyce of each 
instruction 
5. No latching. Must stay high unti 
acknowledged by CPU 
. Acknowledged by INTA output signal 


4, Must remain high for more than 2 CLK cycles. 


5, The rising edge of NMI input is lalched on-chip 
and is serviced al the end of curent instruction. 


No acknowledgement. 





41 








6- What are meant by interrupt pointer and interrupt pointer t 
| ! able? 
rhe starting address of an JSS in the | KB memory a is known as on 
interrupt pointer or interrupt vector corresponding to that interrupt. 


The | KB memory space needed to store the starting add f all 
ISS is called the interrupt pointer table. g addresses of all the 256 


7- Write down the steps, sequentially carried out by the systems when an 
interrupt occurs. 

When an interrupt occurs (hardware or software), the following things happen: 
- The contents of flags register, CS and IP are pushed on to the stack. 

- TF and IF are cleared which disable single step and INTR interrupts 
respectively. 

- Program jumps to the starting address of ISS. 

- At the end of ISS, when IRET is executed in the last line, the contents of flag 
register, CS and IP are popped out of the stack and placed in the respective 
registers. 

- When the flags are restored, IF and TF get back their previous values. 


8- Indicate two applications where NMI interrupt can be applied. 

NMI is a non-maskable hardware interrupt, ie, it cannot be masked or 
disabled. Hence, it is used for very important system exigencies like 

- detection of power failure or 

- detection of memory read error cases. 


9. What way the INTO instruction is different from others? 

The INTO instruction is different in that no type number is needed to be 
mentioned. 

To explain the difference, for executing any INT instruction, type no. is 
needed, like 

INT 10, INT 23, etc. 


To explain further, 

Opcode Operand Object Code Mnemonic 

INT Type CD 23 INT 23 H (assuming Type 23 H 
is employed) 

INTO none CE INT 


Al 2. 
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10- Draw and discuss the interrupt pointer table for 8086? 

— * gee pointers are stored in memory locations starting from 00000 H 

t (1 KB memory space). The number assigned to an interrupt pointer is 
called the Type of the corresponding interrupt. 

As for example, Type 0 interrupt, Type linterrupt ... Type 255 interrupt. Type 0 
interrupt has a memory address 00000 H, Type Ihas a memory address 00004 H, 
while Type 255 has a memory address 003FF H. The first five pointers (Type 0 to 
Type 4) are dedicated pointers used for divide by zero, single step, NMI, break point 
and overflow interrupts respectively. The next 27 pointers (Type 5 to Type 31) are 
reserved pointers—reserved for some special interrupts. The remaining 224 
interrupts—from Type 32 to Type 255 are available to the programmer for handling 
hardware and software interrupts. 


Avollabdle to users 
from type 22 to type 
253 for INT arc INTR 
msrucuons 


OO080 H 
oooe7E H 


7CH 


QOO 14 H 
Reserved for INTO 
— Instruction 
type (overfiica) 
00010 H 
Polnber for Reserved for 
type 3 break point Interrupt 
O0OOOC H 
Portier for foc 
Type 2 non-maskable Interrupt 
paOoOoGS H 
Poiwer for Reserved for 
Type 7 sangie-siep 
00004 H 
Poster for Reserved foc 
Type o devtied by zero 
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11- Discuss the priority of interrupts of 8086. 


086 tests for the occurence of interrupts in th ing hi 

i € : € following hierarchical 
s intemal interrupts (divide-by-0, single step, break point and ae 
- Non-muskable interrupt—via NMI 

- Software interrupts—via INTn 

- External hardware interrupt—via INTR 


Hence, internal interrupts belong to the highest priority group and internal hardware 
interrupts are the lowest priority group. Again, different interrupts are given different 
priorities by assigning a type number corresponding to each priority—starting from 
Type 0 (highest priority interrupt) to Type 255 (lowest priority interrupt). Thus, Type 
40 interrupt i5 having more priority than Type 41 interrupt. If we presume that at any 
instant a Type 40 interrupt is in progress, then it can be interrupted by any software 
interrupt the non-maskable interrupt, all internal interrupts or any external interrupt 
with a Type number less than 40. 


12- Show the internal interrupts and their priorities. ; 
The internal interrupts are: Divide-by-0, single step, break point and overflow 
corresponding to Type 0, Type 1, Type 3 and Type 4 interrupts respectively. 

Since a type with lesser number has higher priority than a type with more number, 
thus the mentioned internal interrupts can be arranged in a decreasing priority mode, 
with highest priority mentioned first: Divide-by-0, single step, break point. overflow. 


13- Mention the addresses at which CS4 and IPs corresponding to vector Ho 
would be stored in memory. 
INT 40, for its storage. requires four memory locations—two for IP,; and two for 
CS. 
The addresses are calculated as follows: 
4x40= 160,90 
= 1010 0000 
= A0 H. 
Thus, [Pao is stored starting at 000A0 H and CS, is stored starting at 000A2 H. 


14- Discuss the Type 2 interrupt (non-maskable NMI interrupt) 


Type 2 interrupt is the noo-maskable NMI interrupt and is used for some emergency 
situations like power failure. When power fails, an external circuit detects this and 
sends an interrupt signal via NMI pin of 8086. The DC supply remains on for atleast 
50 ms via capacitor banks so that the program and data remaining in RAM locations 
can be saved, which were being executed at the time of power failure. 
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The 8086 Microprocessor 


— —— 


L Draw th» pin diagram of 8088. 
Ans. ‘There would be two pin diagrams—one for MIN mode and the other for MAX mode of 
8086, shown in Figs. 11.1 and 11.2 respectively. The pins that differ with each bther in 
the two modes are from pin-24 to pin-31 (total 8 pins). 





Fig. 11.1: Signals of Intel 8086 for minimum mode of operation 


2. What is the technology used in 8086 pP? 
Ans. It is manufactured using high performance metal-oxide semiconductor (HMOS) 
technology. It has approximately 29,000 transistors and housed in a 40-pin DIP package. 
8. Mention and explain the modes in which 8086 can operate. 
Ans. 8086 uP can operate in two modes—MIN mode and MAX mode. 


When MN/MX pin is high, it operates in MIN mode and when low, 8086 operates 
in MAX mode. 





— — 


- "D us Ae BI m = 
wa 


- 


| For a small system in which only one 8086 microprocessor is em 
ployed as a CPU, 
the system operates in MIN mode (Uniprocessor). While if more than one 8086 operate 

in a system then it is said to operate in MAX mode (Multiprocessor). . 





Fig. 11.2: Signals of intel 8086 for maximum mode of operabon 


! The bus controller IC (8288) generates the control signals in case of MAX mode, while 
in MIN mode CPU issues the control signals required by memory and I/O devices. 


4. Distinguish between the lower sixteen address lines from the upper four. 
Ans. Both the lower sixteen address lines (AD, -AD,5) and the upper four address lines 
(Ai / S, 7 Aig /Se) are multiplexed. 
During T, the lower sixteen lines carry address (Ay ^i); while during T,, T; and 
T, they carry data. 
UPON i ; . , Similarly during T;, the upper four lines carry address (A4g- A39), while during T3, 
T, and T, , they carry status signals. 
5. In how many modes the minimum-mode signal can be divided? 
Ans. In the MIN mode, the signals can be divided into the following basic groups: address/data 
bus, status, control, interrupt and DMA. 
6. Tabulate the common signals, Minimum mode signals and Maximum mode 
signals. Also mention their functions and types. 
Ans. Table 11.1 shows the common signals, Minimum mode signals and the Maximum mode 


debo ode es teneri e etna sach oni 1e 170 
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Table 11,1; - Signals common to both minimum and maximum mode, (b) Unique minirmum-mode 
i signals, (c) Unique maxinum-mode signals for 6086 

















AD15-ADO Address/dala bus Bidirectional, 3-stata 


A19/58-A18/53 Address/ntatus Output, 3-state 
MN/ MX Minimum/maximum Mode control Input 
AD Read control Output, 3-state 
i TEST Wait on test control Input 
i y READY Walt state control Input 
RESET System rorot Input 
NMI Nonmasakable Interrupt request Input 
INTR Interrupt request Input 
CLK System clock Input 
v +5V Inpet 
GNO Ground 


(a) 


Name 











HOLD Hold request Input 
HLDA Hold acknowledge Output 
WA White control Outout, -stato 
wid tO/memory control Output, 3-state 
DT/A Data transmit/recelve Output, 3-state 
DEN Data enable Output, 3-state 
l ALE Address latch enable Output 
Interrupt acknowledge Output 


















RG/GT1O Requestgrant bus Bidirectional 
à m access control 

LOCK Bus priority lock control Output, 3-state 

55-80 Bus cycle status Output, 3-5tate 

OS1, QS0 Instruction queue status Output 


(c) 








a cam the different varieties of 8086 and their corresponding speeds. 
following shows the different varieties of 2086 available and their corresponding 


Types Speeds 
6086 5 MHz 
$: , 8066-1 10 MHz 
8086-2 8 MHz 
& Mention (a) the address capabllity of 8086 and (b) how many VO lines can b« 


accessed by 8086. 
Ans. BOSE addresses via its Aq-Ayp address lines. Hence it can address 2^ = IMB memory 
— lines A, to A,, are used for accessing VO's. Thus, 8086 can access 2 = 64 
s 


9. What is meant by microarchitecture of 80867 
, Ans. The individual building blocks of 8086 that, as a whole, implement the software ond 
. hardware architecture of 8086. Because of incorporation of additional features being 
necessitated by higher performance, the microarchitecture of 8086 or for that matter any 
microprocessor family, evolves over time. 
10. Draw and discuss the architecture of 8086. Mention the jobs performed by BIU 
and EU. 
Ans. The architecture of 8086 is shown below in Fig. 11.3. It has got two separate functional 
units—Bus Interface Unit (BIU) and Execution Unit (EU). 
8086 architecture employs parallel ing—ie., both the units (BIU and EU) work 
at the same time. This is Unlike 8085 in which Sequential fetch and execute operations 
į: tako place. Thus in case of 8086, efficient use of system bus takes place and higher 
(because of reduced instruction time) is ensured. 
» BIU has segment registers, instruction pointer, address generation and bus 
control logic block, instruction queue while the EU has general purpose registers 
ALU, control unit, instruction register, flag (or status) register. 


The main jobs performed by BIU are: 
e BIU is the 8086's interface to the outside world, Le., all External bus operations 


n does the job of instruction fetching, reading/writing of data/operands for memory 
Ü $: ' ji > -and alsojthe inputtingloutputting of data for peripheral devices. 
" * '* s» [|tdoes e job of filling the instruction queue. 
» Does the job of address generation. 
The main jobs performed by the execution unit are: 
+ Decoding/execution of instructions. 
» lt accepts instructions from the output end of instruction queue (residing in BIU) 
and data from the general purpose registers or memory 
e it generates operand addresses when necessary, hands them over to BIU 
ing it (BIU) to perform read or write cycle to memory or V/O devices 
e EU testa the status of flags in the control register and updates them when 
} : executing instructions. 
EU waits for instructions from the instruction queue, when itis empty 
EU has no connection to the system buses. 


- 
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Agdress bus Data bus System buses 





Execution unit Bus interface unit 
(EU) | eu 


Fig. 11.3: CPU model for the 8086 microprocessor. A separate execution unit (EU) 
and bus interface unit (BIU) are 
d. 1L Bxplainithe operations of instructions queue residing in BIU. 


; i . s ih 

i" Ans. The instructiori queue is 6-bytes in length, operates on FIFO basis, and receives the 
instruction codes from memory. BIU fetches the instructions meant for the queue ahead 
of time from memory. In case of JUMP and CALL instructions, the queue is dumped and 


newly formed frorn the new address. 


4q 
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respectively. For such cases, contenta of SI are added [ — 
4 to contents of DS register to get the actual source 

address of data, while the contentas of DI are added 

to the contents of ES to get the actual destination 

address of data. 

SP and BP stand for stack pointer and base 
pointer with SP containing the offset address or the 
stack top address, The actual stack address is 
computed by adding the contents of SP and 8S. 

Data area(s) may exist in stack, To access such ae ! 

— data area in stack segment, BP register is used ei of aii — 
| i Af, Which contains the offset address. BP register is also gations 2000 Ht 
used as a general purpose register. 

Instruction pointer (IP) is also included in the index and pointers group IP points to 
the offset instead of the actual address of the next instruction to be fetched (from the 
current code segment) in BIU. IP resides in BIU but cannot be programmed by the 
programmer. 

19. Describe in brief the four segment registers. 
. Ans. The four segment registers are CS, DS, ES and SS—standing for code segment register, 
+. , data segment register; extra segment register and stack segment register respectively. 
uA. . "When a particular memory is being read or written into, the corresponding memory 
nddress is determined by the content of one of these four segment registers in conjunction 


with their offset addresses. 
The contents of these registers can be changed so that the program may jump from 


one active code segment to another one. 
The use of these segment registers will be more apparent in memory segmentation 
schemes. 
20. Discuss Aq¢Ss—Arw/Ss Signals of 8086. 
Ans. These are time multiplexed signals. During T,, they represent Aig — A address lines. 
] During I/O operations, these lines remain low. During Tz-T,. they carry status signals. 
S, and S, (during T; to T) identify the segment register employed for 20-bit physical 
address generation. 
Status signal S, (during T; to T4) represents interrupt enable status. This is updated 
at the beginning of each clock cycle. 
Status signal S, remains low during T, to T, 





—— 





21. Discuss BHE/S, signal. 
Ans. During T;, this becomes bus high enable signal and remains low while during T; to T, 
1 it acts as a status signal 8, and remains high during this time. 
During T,, when BHE signal is active, i.e., remains low, it is used as a chip select 
signal on the higher byte of data bus—i.e., D;4-D,. 


Table 11.2 shows BHE and A, signals determine one of the three possible references 
to memory. 


tA toon 
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Table 11.2: Status of BE and A, ident ty memory references 





i 
2 Discuss the Reset pin of 8086. 


Ans. Reset is an active high input signal and must be active for at least 4 CLK cycles to be 
accepted by 8086 This signal is internally syns hranised and execution starts only after 


Reset returns to low value. 
For proper initialisation. Reset pulse must not be applied before 50uS of ‘power on 
of the circuit. During Reset state, all three buses are tristated and ALE and HLDA are 


During resetting. all internal register contents are set to 0000 H, but CS is set to 
| Ü F000 H and IP to FFF0 H. Thus execution starts from physical address FFFFO H. Thus 
EPROM in 8086 is interfaced so as to have the physical memory location forms FFFFO H 

to FFFFF H, i.e.. at the end of the map s 


23. Discuss the two pins (a) DT/R and (b) DEN- 


Ans. (a) DT/R is an output pin which decides the directions of data flow through the 
transreceivers (bidirectional buffers). 
When the processor sends out data, this signal 15 1 while when it receives data, 
— pp — " 

(b) DEN stands for data enable. It is an active low signal and indicates the availabilty 
of data over the address/data lines. This signal enables the transreceivers to separate 
data from the multiplexed address/data signal. It is active from the middle of T; until 
the middle of T. 


Both DT/R and DEN are tristated during ‘hold acknowledge’ 


24. Elaborate the functions of the pins $,, 5, and S 


Ans. These three are, output status signals in the MAX mode, indicating the type of operation 
l carried out by the processor. 
The signals become active during T, of the previous cycle and remain active during 
T, and T; of the current cycle. They return to the passive state during T, of the current 
bus cycle so that they may again become active for the next bus cycle during T, Table 
113 shows the different bus cycles of 8086 for different combinations of these three 


signals 
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Table 11.3; Bus status codes 





35. Explain the LOCK signal. 
Ans. Itis an active low output signal and is activated by LOCK prefix instruction and remains 
nntruction. It floats to tri-state during hold 


active until the completion of the next i 
' acknowledge when LOCK signal is low, all interrupts get masked and HOLD request is 
not granted. LOCK signal is used by the processor to prevent other devices from 
i i is used when CPU is executing some critical 


accessing con E 
and through this signal other devices are informed that they should not issue 
HOLD signal to 8086. 


26, Explain the TEST signal. 
Ans. Itis an active low input signal. Normally the BUSY pin (output) of 8087 NDP is connected 
i : to the TEST input pin of 8086. When maths co-processor 8087 is busy executing some 
à instructions, it pulls its BUSY signal high. Thus the TEST signal of 8086 is consequently 
high, and it (8086) is made to WAIT until the BUSY signal goes low. When 8087 
ts instruction executions, BUSY signal become» low. Thus the TEST input 

of 8086 becomes low also and then only 8086 goes in for execution of its program. 

27. Show how demultiplexing of address/data bus is done and also show the 


availability of address/data during read/write cycles. 


Ans. The demultiplexing of lower 2-bytes of address/data bus (ADg-AD,3) is done by 8282/8283 
8283 gives out inverted 


| E octal latch with 8282 providing non-inverting outputs while 
af , ts are also buffered o is available at their outputs 


completes i 


are so that more driv 

the demultiplexing operations of these latches. During T, when 
ALE is high, the latch is transparent and the output of latch is 'A' (address) only. At the 
end of T,, ALE has a high to low transition which latches the address available at the D 
input of the latch, 80 that address is continued to be available from the Q output of the 


latch (i.e., whole of T, to T, states). 
]t is to be noted that memory and I/O devices do not access the data bus until the 


beginning of Tz, thus the ‘data’ is a ‘don't care’ till the end of T,. This is shown in 
Fig. 11.11 and the timing diagram shows the availability of data for read and write cycles. 
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ALE 









n «to 15 
LATCH is transparent during T; 
and acts as a latch from T, to T, 


Fig.11.11: Demultiglexing the 6086 adáressidata bus 


28. Discuss the Instruction Pointer (IP) of 8080. 


Functionally, IP plays the part of Program Cou 
that IP holds the offset of the next word of the 


j Ans. 
address (as in PC). 


IP along with CS (code segment) register content provide 
ccess the memory. Thus CSIP denotes the value of the memory 


address needed to a 


nter (PC) in 8085. But the difference is 
instruction code instead of the actual 


the 20-bit physical (or real) 


address of the next code (to be fetched from memory). 


Content of IP gets incremen ted by 2 
memory. 


because each time a word of code is fetched from 


29. Indicate the data types that can be handled by 8086 uP. 


Ans. 


l e Unsigned or signed 


that can be handled by 8086 fall under the following categories: 
numbers—both byte-wide and word-wide. 


« BCD numbers—both in packed or unpacked form. 
« ASCII coded data. ASCII numbers are stored one number per byte 


30, Compare 8086 and 8088 


880r8. 


Ans. The Comparison between the two is tabulated below in Table 11.4. 
Table 11.4: Comparison of 8086 and 8088 





. 2-byte data width, obtained by demultiplexing 
j ADD, C i = 
2. In MIN mode, pin-28 is assigned the signal WIO. 


3, A 6-byte instruction queue. _ 
4, To socess higher byte, BHE signal is used. 


5 BIU dissimilar, but EU similar to 8088. Program 
instructions identical to 8088. 

6. Program fetching from memory done only when 
2-bytes are empty in queue. 


y ^ F 7. P , I8 uring, T, BRE is used to 
; ! E * ‘talib tame pr During TT, status of 

this pin Is O. In MAX mode, 8087 monitors this pin 
to identity the CPU—8086 or 80887 Accordingly it 
sols its queue langth lo 6 or 4 respectively. 
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. 4-byte data width, obtained by demultiplexing 














AD,-AD,. 
In MIN mode, pin-28 is assigned the signal 


IO! M. 

A 4-byte instruction queue. 

No such signal required, since data widlh i5 
1-byte only. 

BIU dissimilar, but EU similar to 8086. Program 
instructions identical to 8086 

Program fetching from memory done as soon as 
a byte is free i in queue. 

Pin-34 [s SS; .Itacts as Sg in the MIN mode. In 


~ MAX mode SS, = 1 always. 


56x 


